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(54) MANUFACTURE OF FIELD EFFECT TRANSISTOR 
(57)Abstract: 

PURPOSE: To obtain a side spacer of sufficient width on the side wall of a 
gate electrode layer even when the layer is thinned. 
CONSTITUTION: After a gate electrode layer 14 is formed on the surface 
of a semiconductor substrate 10 via a gate insulating film 12, a low 
concentration drain region 16D is formed by ion implantation process using 
the electrode layer 14 as a mask. After a first insulating film of high etching 
rate and a second insulating film of low etching rate are formed in order on 
the upper surface of the substrate, the second and first insulating films are 
etched back, thereby forming a side spacer composed of residual parts 24b 
and 22b of the respective insulating films. If necessary, a high 
concentration drain region is formed by ion implantation process using the 
electrode layer 14 and the side spacer as masks, after the side spacer is 
further etched. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docxunent has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (a) The process which forms a gate electrode layer in the front face of a semi-conductor substrate through gate 
dielectric film, (b) The process which forms a low concentration drain field in the front face of said semi-conductor 
substrate by the one side of said gate electrode layer by alternative impurity installation processing which uses said gate 
electrode layer as a mask, (c) The process which covers said gate dielectric film and said gate electrode layer, and forms 
the 2nd insulator layer with a slow dirty rate one by one under predetermined etching conditions under the 1st insulator 
layer with a quick dirty rate, and these etching conditions, (d) The process which adjoins said gate electrode layer and 
forms the side spacer which consists of a residual part of these 1st and 2nd insulator layers by carrying out etchback of 
the laminating of said 1st and 2nd insulator layers on said etching conditions in the upper part of said low concentration 
drain field, (e) Process of a field-effect transistor including the process which follows the front face of said semi- 
conductor substrate to said low concentration drain field by altemative impurity installation processing which uses said 
gate electrode layer and said side spacer as a mask, and forms a high concentration drain field. 

[Claim 2] (a) The process which forms a gate electrode layer in the front face of a semi-conductor substrate through gate 
dielectric film, (b) The process which forms a low concentration drain field in the front face of said semi-conductor 
substrate by the one side of said gate electrode layer by altemative impurity installation processing which uses said gate 
electrode layer as a mask, (c) The process which covers said gate dielectric film and said gate electrode layer, and forms 
the 2nd insulator layer with a slow dirty rate one by one under predetermined etching conditions under the 1st insulator 
layer with a quick dirty rate, and these etching conditions, (d) The process which adjoins said gate electrode layer and 
forms the side spacer which consists of a residual part of these 1st and 2nd insulator layers by carrying out etchback of 
the laminating of said 1 st and 2nd insulator layers on said etching conditions in the upper part of said low concentration 
drain field, (e) The process which removes a part or all of this residual part by etching the residual part of said 2nd 
insulator layer which constitutes said side spacer, (f) Process of a field-effect transistor including the process which 
follows the front face of said semi-conductor substrate to said low concentration drain field by altemative impurity 
installation processing which uses as a mask the side spacer which received said gate electrode layer and said etching, 
and forms a high concentration drain field. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Ushiro who especially this invention covered the gate electrode layer, and formed the insulator 
layer of a high dirty rate, and the insulator layer of a low dirty rate one by one about the process of the MOS mold field- 
effect transistor of LDD (Lightly Doped Drain) structure ~ the side spacer of width of face sufficient also in a thin gate 
electrode layer is obtained by carrying out etchback of these insulator layers. 
[0002] 

[Description of the Prior Art] Conventionally, as a process of the MOS transistor of LDD structure, what is shown in 
drawin g 7 -9 is known. 

[0003] At the process of drawing 7 , after forming the gate dielectric film 12 which oxidizes thermally the fi-ont face of 
the P-type semiconductor substrate 10 which consists of silicon etc., and consists of silicon oxide, on this insulator 
layer, patteming of the polish recon is deposited and carried out, and the gate electrode layer 14 is formed. And it is 
low-concentration N by the altemative ion-implantation processing which uses the electrode layer 14 as a mask. - Mold 
source field 16S and N - Mold drain field 16D is formed, then, CVD (chemical vapor deposition) - an insulator layer 12 
and the electrode layer 14 are covered by law etc., and the insulator layers 18, such as silicon oxide, are formed. 
[0004] Next, at the process of drawin g 8 , the side spacers 18a and 18b which carry out etchback of the insulator layer 
18 by dry etching processing, and consist of a residual part of an insulator layer 18 are formed in a source [ of the gate 
electrode layer 14 ], and drain side, respectively. 

[0005] Then, it is high-concentration N+ by the altemative ion-implantation processing which uses the electrode layer 
14 and the side spacers 1 8a and 1 8b as a mask at the process of drawin g 9 . Mold source field 20S and N+ It is N at a 
source [ of the gate electrode layer 14 ], and drain side about mold drain field 20D. - Mold source field 16S and N - It 
forms so that mold drain field 16D may be followed, respectively. 

[0006] If it is in the MOS mold field-effect transistor shown in drawing 9 , since the electric-field concentration near the 
drain is eased by having prepared low concentration drain field (LDD field) 16D, there is an advantage which can 
control property degradation based on a hot carrier. 
[0007] 

[Problem(s) to be Solved by the Invention] According to the above-mentioned conventional method, when a limitation 
was in the width of face of the side spacers 18a and 18b attached to the side attachment wall according to the thickness 
of the gate electrode layer 14 and the electrode layer 14 was made thin, it was difficult to obtain the thing of width of 
face sufficient as a side spacer. 

[0008] Even if the purpose of this invention makes a gate electrode layer thin, it is to offer the process of the new field- 
effect transistor which can obtain the side spacer of sufficient width of face. 
[0009] 

[Means for Solving the Problem] The process of the field-effect transistor by this invention (a) The process which forms 
a gate electrode layer in the firont face of a semi-conductor substrate through gate dielectric film, (b) The process which 
forms a low concentration drain field in the firont face of said semi-conductor substrate by the one side of said gate 
electrode layer by altemative impurity installation processing which uses said gate electrode layer as a mask, (c) The 
process which covers said gate dielectric film and said gate electrode layer, and forms the 2nd insulator layer with a 
slow dirty rate one by one under predetermined etching conditions under the 1st insulator layer with a quick dirty rate, 
and these etching conditions, (d) The process which adjoins said gate electrode layer and forms the side spacer which 
consists of a residual part of these 1st and 2nd insulator layers by carrying out etchback of the laminating of said 1st and 
2nd insulator layers on said etching conditions in the upper part of said low concentration drain field, (e) The process 
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which follows the front face of said semi-conductor substrate to said low concentration drain field by alternative 
impurity installation processing which uses said gate electrode layer and said side spacer as a mask, and forms a high 
concentration drain field is included. 

[0010] If it is in such a process, after forming a side spacer, a part or all of this residual part is removed, and it may be 
made to perform high concentration drain formation by etching the residual part of the 2nd insulator layer which 
constitutes a side spacer by using as a mask the side spacer which received such etching. 
[0011] 

[Function] According to the process of this invention, the thing of the large width of face which the part with which the 
1st insulator layer was covered by a part of 2nd insulator layer since etching advanced the 1st quick insulator layer of a 
dirty rate in the wrap form in the process of etchback certainly comes to remain, and a part of 2nd insulator layer with a 
slow dirty rate becomes from the residual part of the 1st and 2nd insulator layers as a side spacer is obtained. In this 
case, the residual width of face of the 1st insulator layer has a low dependence to the thickness of a gate electrode layer 
mainly depending on the residual width of face of the 2nd insulator layer. Therefore, even if it makes a gate electrode 
layer thin, the side spacer of sufficient width of face can be obtained. 

[0012] Moreover, if the 2nd a part or all of a residual part of an insulator layer that constitutes a side spacer is removed 
as described above, a level difference will be mitigated near the gate electrode layer, and surface smoothness will 
improve. 
[0013] 

[Example] drawing 1 - six -- this - invention one - an example ~ depending LDD - structure -- MOS - a mold -- 
a field-effect transistor — a process — being shown — a thing -- it is — each — drawing ~ corresponding — a process -- (-- 
one --) - (-- six --) -- one by one - explaining . In addition, the same sign is given to the same part as drawin g 7 -9, and 
detailed explanation is omitted. 

[0014] (1) They are gate dielectric film 12, the gate electrode layer 14, and N the same with having mentioned above 
about drawing 7 on the front face of the semi-conductor substrate 10. - After forming the source and the drain fields 16S 
and 16D of a mold, an insulator layer 12 and the electrode layer 14 are covered with a CVD method etc., and deposition 
formation of the insulator layers 22 and 24 is carried out one by one. Here, insulator layers 22 and 24 are the thing 
which has a respectively quick dirty rate, and a late thing in the dry etching processing mentioned later, and when the 
component of etching conditions and film 22 and 24 is illustrated, they are as follows. 

[0015] etching condition: — gas CHF3, flow rate 50sccm, and component: Si02 of the component:SiN film 24 of the 
pressure 70mtorr film 22 (2) ~ next By carrying out etchback of the laminating of insulator layers 22 and 24 on the 
above-mentioned etching conditions The 1st side spacer which consists of residual parts 24a and 22a of insulator layers 
24 and 22 is formed in the source side of the gate electrode layer 14, and the 2nd side spacer which consists of residual 
parts 24b and 22b of insulator layers 24 and 22 is formed in the drain side of the gate electrode layer 14. In this case, it 
is made for an insulator layer 22 to remain thinly also on gate dielectric film 12 and the gate electrode layer 14. 
[0016] (3) Remove an insulator layer 12 and the thin insulator layer 22 on the electrode layer 14 by setting up etching 
conditions with which the presentation of etching gas is succeedingly changed and the residual parts 24a and 24b hardly 
sleep, and performing selective etching processing. 

[001 7] (4) Next, form the resist layer 26 in a substrate top face by the rotation applying method etc. The resist layer 26 
is formed thickly enough so that the upper limit of the residual parts 24a and 24b may be covered. 
[001 8] (5) Next, by carrying out etchback of the resist layer 26, remove the part near the upper limit of the residual parts 
24a and 24b, and carry out flattening of the top face of the 1st and 2nd side spacers. Then, the resist layer 26 is removed. 

[0019] (6) Next, it is N to a substrate front face by the altemative ion-implantation processing which uses as a mask the 
1st spacer which consists of residual parts 24a and 22a, the gate electrode layer 14, and the 2nd spacer which consists of 
residual parts 24b and 22b. - The mold source and the drain fields 16S and 16D are followed, respectively, and it is N+. 
The mold source and the drain fields 20S and 20D are formed. And the interlayer insulation films 27, such as BPSG 
(boron phosphorus silicic-acid glass), are formed in a substrate top face with a CVD method etc. 
[0020] Then, the connection hole corresponding to source field 20S, the gate electrode layer 14, drain field 20D, etc. is 
formed in an insulator layer 27, respectively. And source wiring layer 28S, gate wiring layer 28G, drain wiring layer 
28D, etc. are formed by putting and carrying out patterning of the wiring material, such as aluminum or aluminum alloy, 
on an insulator layer 27. These wiring layers 28S, 28G, and 28D are connected to source field 20S, the gate electrode 
layer 14, and drain field 20D through a connection hole, respectively. 

[0021] According to the above-mentioned process, even if it will make the gate electrode layer 14 thin so that clearly if 
drawing 9 and dra win g 6 are contrasted, the side spacer of sufficient width of face is obtained, and the distance between 
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gate-drains can fully be taken. Moreover, since the part near the upper limit of the residual parts 24a and 24b was 
removed, surface smoothness improves conjointly with having made the gate electrode layer 14 thin. 
[0022] This invention is not limited only to the above-mentioned example, and can be carried out with various alteration 
gestalten. For example, the following modification is possible. 

[0023] (b) After etchback processing of draAvmg 2 finishes, you may make it move to the process of drawing 6 , without 
passing through the process of drawin g 3 -5. In this case, on an insulator layer 12 and the electrode layer 14, it leaves 
the insulator layer 22 which remained thinly as it is after ion-implantation processing, and it can be used as some 
interlayer insulation films 27. 

[0024] (b) After the process of drawin g 2 or drawin g 3 finishes, you may make it move to the process of drawing 6 , 
without passing through the process of drawin g 4 -5. In this case, at the process of drawing 6 , flattening may be attained 
for an interlayer insulation film 27 as laminated structures, such as for example, CVD film-SOG (spin-on glass) film- 
CVD film. 

[0025] (c) Instead of being the process of drawing 4 -5, after the process of drawin g 2 or drawing 3 finishes, selective 
etching processing is performed that the residual parts 24a and 24b should be removed altogether, and you may make it 
move to the process of drawin g 6 after this. In this case, although the 1st and 2nd spacers will consist of residual parts 
22a and 22b, respectively, the source and the formation pattern of the drain fields 20S and 20D are the same as that of 
the thing of drawin g 6 . 
[0026] 

[Effect of the Invention] As mentioned above, since the side spacer which consists of a residual part of each insulator 
layer by carrying out etchback of the laminating of the insulator layer of a wrap quantity dirty rate and a low dirty rate 
for a gate electrode layer was formed according to this invention, even if it makes a gate electrode layer thin, the side 
spacer of sufficient width of face is obtained, and the effectiveness it is realizable [ the LDD structure of high reliance ] 
ineffective is acquired. 

[0027] If the residual part of the insulator layer of the low dirty rate which constitutes a side spacer is moreover etched, 
the effectiveness that the surface smoothness on the top face of a substrate improves will also be acquired. 
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DRAWINGS 



[Drawing 1] 
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